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Qudlitative Functional Group Analysis
of Gas Chromatographic Effluents
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p The idenfification of components
separated by gas chromatography
cannot be accomplished with reason-
able certainty by relying on refention
data alone, particularly when the
mixture is heterofunctional. A method
employing funcfional group classi-
ficaiion reagents has been developed
which, when used with retention volume
data from the corresponding chromato-
gram, gives positive identification of
the components of o mixture. The
method is simple and requires little
extra timé and ho expensive supple-
mentary instrumentation. The tech-

nique also frequently provides data

to show whather o chromatographic
peck conmsists: of one or more com-
ponents. - - o : '

HERE is little doubt that gas chro-
matography has become one of the
- most elegant methods of analysis ever
devised. But for the investigator who
must deal with entirely unknown mix-
tures of compounds; the use of retention
volume data alone for the identifieation
of components' separated by gas chro-
matography: is a serious limitation. In

many fields: of analysis the mixtures-

frequently encountered contain a num-
ber of heterofunctional or isomerie
components, and some of the com-
ponents of such mixtures have the same,
or nearly the same, retention volumes,
even on different column materials.
Although the analysis ultimately might
be accomplished by finding suitable
liquid phases to effect resolution and
identification, the large number of
liquid phases to be studied makes this
approach time-consuming and unre-
warding. Although the problem has
heen solved in some instances by col-
lecting the eluted peaks and employing
infrared spectrophotometry (1, 2,6, 8, 9,
11) or mass spectrometry (4, 8, 7} for
subsequent identification, the supple-
mentary instrumentation is very ex-
pensive, and the procedures for collect-
ing eluted chromatographic peaks are
cumbersome and are not alwdys re-
liable. Many laboratories do not have
such instrumentation available and
must rely on gas chromatography alone.

The failure of the gas chromatographic
method to provide complete qualitative
analysis is- due primarily to the in-
ability of the gas chromatograph to
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determine or 'distinguiéh ofganic fune-
tiopality (20). If the functionality can .

be established, the identity of a par-
ticular compound can then be deter-
mined from its retention volume. This
investigation was undertaken to develop
the systematic use of functional group
classification reagents to provide a
direct, rapid, and inexpensive method
of qualitative gas chromatographic
analysis.

EXPERIMENTAL

Apparatus and Procedure.  Con-
ventional packed column-~type gag
chromatography apparatus with a
thermal conductivity detector was
used  throughout this study. The
functional group classification of
eluted - chromatographic peaks was
accomplished by means of a stream-
splitting device, shown in Figure 1,
which was sttached to the exit tube
from - the thermal conductivity ecell,
The splitter is constructed of a piece of
0.25-inch ~outside diameter stainless
steel tubing, with' a rubber serum cap
with five hypodermic needles of the
same gage inserted through the cap
and into the open end of the stainless
tubing, The chromatographic effluent
is divided thereby into five equal
streams, each of which is allowed to
bubble through a vial containing an
appropriate classification reagent.

The number of individual effluent
streams in the splitter, and the number
of reagents employed, will depend, of
course, on the number of functional
group-type compounds expected to be
found in the mixture. A five-way splib

of the chromatographic effluent, how-.

ever, 'was found most convenient.
When a larger number of reagents was
used, an even and continuous flow in all
the vials could not be obtained and
handling became rather cumbersome.
It was generally found more convenient,
if more reagents were required, to run a
second sample with another set of
reagents.
the ehoice of the number of functional
group tests to be performed at one time
is the sensitivity of the reagent, and
therefore it is undesirable to decrease
excessively the amount of component
bubbling through the reagent.

As each chromatographic peak passes,
it is split and allowed to pass through a
set of the various reagents. To makea
rapid change in the stream splitter and
reagent vials, when successive peaks are
closely adjacent, the exit tube is pro-

Another factor which affects.
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‘vided with a three-way stopcock so that

as soon as one peak has passed, the
stopcock may be turnied and the second
peak passes through a second splitter.
While the second pesak is passing, & new
get of reagent vials may be positioned
to receive the next succeeding peak.

Reagents.” The reagents employed
to test for the f{functional group
classes are summarized in Table 1.
The sensitivities of the various rea-
gents were all determined experi-
mentally. Each of the classification
reagents was initially selected if 0.5
mg. of a pure component would give a
positive test, However, this does not
represent the limit of sensitivity since
in many instances the reagent will
detect smaller amounts. The approxi-
mate minimum amount that could be
detected by a given reagent was deber-
mined by injecting a known amount of &
typical component onto the column,
and after splitting, observing the
response of the reagent. The values
for minimum detectable amounts given
in the table correspond to the estimated
amount in the effluent stream passing
through the reagent and represent
approximately one fifth of the amount of
gample injected on the column. Since
the smallest sample which could be con-
veniently measured was 0.1 ph, the
maximum sensitivity of any of the
reagents was taken as 20 ug. Some |
of the reagents are actually even more
gengitive as indicated by the strong
response of the reagent at the 20-ug.
level. _

The sensitivity tests were made with
appropriately chosen compounds con-
taining two or three carbon atoms.
The sensitivity of the reagents tends to
decrease somewhat with incressing
molecular weight of a component. All
the reagents were checked for response
over a fairly wide range of carbon
number within each homologous series
and the response was generally found
to be adequate. The compounds tested
are also given in the table.

The usual cautions must be observed,
of course, in the general application
and interpretation of the color tesis
because of the variations in sensitivity,
unusual responses of the reagents, ete.
Tn the sclection and application of the
various reagents, the worker is advised
to consult freely with standard refer-
ences on qualitative functional group
reagents (3, 12).

In the studies reported here, nine
functional groups were _considered:
alcohols, aldehydes, ketomes, esters,
unsaturated aliphatic and = aromatic
hydrocarbons, amines, alkyl halides;



Figure 1.
irg of eluted peaks .

sulfur compounds, - and. nitriles.. A
description of the preparation of each
of the reagents used in the test vials
follows. The vials used were 3.5 em.
long X 1.0 cm. in diameter, Details of
the preparation of the reagent solutions
may be found in the references cited.
Arcorors. Nitrochromic -Acid- (3):
10 drops (ca.-0.5 ml) of 7.5N HNO,
plus 1 drop of 19 K,Cr.0. Turns
from bright yellow o bluegray. Good
for primary and secondary alechols,
Ceric: Nitrate (3, 18): 5 drops of
reagent plus 5 drops of H;O. - Yellow
to amber. Good for all - aliphatic
aleohols. . ' -
ArprrYDES. Dinitrophenylhydrazine
(8, 12): 10 drops. Yellow or orange
precipitate, e o
Schiff's Reagent (3, 12): must be
freshly prepared, 10 drops. Colorless
to pink or purple. _ :
Karowrs.  Dinitrophenylhydrazine
(8, 12): 10 drops. Yellow or orange
precipitate, :
Esrers. Ferric Hydroxamate (3):
10 drops of 1N¥ NH,0H. HClin methanol

plus 3 to 4 drops of 2N aleoholic KOH -
or. until solution turns blue. After

passing. sample through . solution add
5 to 6 drops of 2N HCI until solution is
clear and colorless. Add 1 to 2 drops of
10% FeCl;. Colorless to red. :

Argyn Havmwes.  Aleoholie” AgNQ;
(12): 10 drops of 29 aleoholie AgNO;,
White precipitate. ,

Mercurous - Nitrate: 10 drops of a
7.0N HNO5%, mercurous nitrate solu-
tion. Iodides, yellow to orange pre-
cipitate; chlorides, white precipitate;
bromides, white or gray precipitate, .

AviNgs. Benzenesulfonyl Chloride
(Hinsberg test) (3, 12): 5 drops of
pyridine, 1 drop of 5%, NaOH. After
sample passes, add 1 to 2 drops of
benzenesulfonyl chloride.  Colorless
to yellow for primary or secondary ali-
phatic amines. Tertiary amines give a
rose to deep purple color,

Sodium Nitroprusside (Rimini and
Bimon test for primary and secondary
amines) (3): 10 drops of H,O plus 2
drops of acetone plus 1 drop of 19

Stream-splitting device for functional group test-

sodium nitroprusside. Primary amine

gives red color. Add 1 to 2 drops of
acetaldehyde. Secondary amine gives
blue color. Omitting acetone permits
test for secondary amine directly.
Aixyr Nrremes,  Ferrie Hydrox-
amate (3): 10 drops of 1IN NH,0H.
HCl in propylene glycol plus 2 drops of
LN XOH in propylene glycol. After
sample passes, heat to boiling and cool.
Sclution is clear and eolorless. Add 1
to 2 drops of 109, FeCl;, Red-wine
color is positive test. = v
. MEercaprans., Alcoholic Silver Ni-
trate (12): 10 drops of 29 alcoholic
AgNO; gives white precipifate. (H.8
gives black precipitate.) - . .
.Lead Acetate (8): 10 drops of satu-
rated alcohclic PbOAc gives yellow
precipitate.

(HosS gives black pre-

Isatin (3): 10 drops of 19, isatin in

concentrated HaSO; gives green color.
. Sodium Nitroprusside: 10 drops of
95% ethyl alcohol plus 2 drops of =
5% KCN-19%, NaOH solution. - Two to
three minutes after sample passes, add
5 drops of 1% sodium nitroprusside
solution. Red color results.

AvxyL Surrgs, Sodium Nitro-
prusside: Same as test for Sodium
Nitroprusside under Mereaptans above,

Avkyr Disvirmes. Isatin:  Same
ag test for Isatin under Mercaptans
above,

Sodium. Nitroprusside:: Same as test
for Sedium Nitroprusside under Mer-
captans above, .

Aromatic NUCLEUS AND ALIPHATIC
Unsaturation. Formaldehyde-sul-
furie acid( LeRosen test) (3): 10 drops
of concentrated H:80, plus 1 drop of
37% HCHO gives wine color,

The reagents used, of course, will
" depend on  the types of compounds
expected and on the desired level of
response of the reagent. The potassium
dichromate-nitric -acid . (nitrochromic
acid) test was found most suitable for
alechols. This reagent proved to be
more sensitive than the more conven-
tional ceric nitrate test. However,
the nitrochromic acid reagent fails to
respond to tertiary alechols, in which
case, ceric nitrate reagent then may be
used. :
. In some cases, the response of two or
more reagents must be considered in
combination. For example, since both
aldehydes and ketones give a positive
reaction with 24-dinitrophenylhydra-
zine, Schiff’s reagent was used to dis-
tinguish aldehydes from ketones, Mer-
eaptans,  sulfides, and disulfides all

Alkyl halide

cipitate.) give 3 positive test with sodium nitro-
- Table I. Functional Group Classification Tests
Minj-
R mum -
. - Detect-
) . ’ able :
Compound - Type of Amt,, Compounds
Type Reagent Positive Test- B Tested
Alcohols - K.Cr:0-BNO, Blue eolor 20 C—Cy
Ceric nitrate Amber eolor 100 C-Cy
Aldehydes 2,4-DNP Yellow i)pt.. 20 C-Cs
Schiff’s Pink color 50 . CyCy
Ketones . 2,4-DNP. Yellow ppt. 20 CyCy (methyl
) : : ketones)
Esters Ferric hydroxamate Red color -~ 40 C~Cy acetates
Mercaptans Bodium nitroprusside Red color - 50 GGy
) Isatin Green color 100 C-Ch -
L Ph{QAc): Yellow ppt. 100 Cr—Cs
Sulfides - Sodium nitroprusside Red eolor 50 CrChs
Disulfides Sodium nitroprusside Red color- 50 s
) Isatin Green color 100 s
Amines Hinsberg B Orange color 100 C-C,
Sodium nitroprusside Red color, 1° 50 CiCy
_ Blue color, 2° - Diethyl and
S .. diamyl
Nitriles Ferric hydroxamate— Red color 40 CoCy
o propylene glyeol _
Aromatics BCHO-H,80, Red-wine color 20 pH—9¢C,
Aliphatie un- HBCHO-H.80, Red-wine color - 40 C.H;
saturation
Ale, AgNO:; L White ppt 20 CI—C&
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Figure 2. Chromatogram of five-
componenf mixture

6-foof squalane column, 125° C.
Flow, 50 ml, per minute
Sample, 1.0 gl

prusside. ~ This reagent; therefore, may
be used as a general test for the presence
of these sulfur compounds.. If one
wishes - fo distinguish between mer-
captans; sulfides, and disulfides, lead

acetate may be used to detect mer-
eaptans, and the isatin test may be used

to distinguish between - sulfides  and
disulfides. . .

‘The reaction of es’cers with hydroxyl-
amine to form the .

the classification of both esters and

nitriles, but nitriles may be distinguished

from esters since the development of the
color for. nitriles. must take place in

propylene glycol solution. In either -

case, the color reaction i3 not given
immediately, as the effluent stream

passes through the reagent, but must -
be subsequently developed by the

addition of ferric chloride.

Simifarly, the formaldehyde—sulfunc _
acid reagent is used to detect both-
aromatic compounds and aliphatic un-

saturation. However, these types may
be differentiated on the basis of retention

tlme, once the presence of either type

is established.

Primary and secondary amines -can
be detected by either the Hinsberg
reaction or by the Rimini and Simon
test with sodium nifroprusside. The
sodium mnitroprusside test for amines
employs different reaction conditions
than- the sodium nitroprusside  test
for sulfur compounds. It is this differ-
ence in Yeaction conditions which per-
mifs the identification of an amine
or a sulfur compound with the same
reagent. The sodium nitroprusside
reagent is preferable to benzenesulfonyl
chloride used in the Hinsbherg reaction
since the color resction immediately
distinguishes between & primary and
a secondary amine. On the other hand,
tertiary amines may be distinguished
from primary and secondary amines
with benzenesulfonyl chloride if modi-
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_ corresponding -
hydroxamic. acid proved successful for

fied reaction econditions (3) are em-
ployed. .

RESUI.TS AND D!SCUSSION S

The fact that certain merbers of
different homologous series of com-
pounds may have identical retention
characteristics has prevented the op-
timum use of gag chromatography for
qualitative - analysis of heterologous
mixtures isolated from natural produets,
Retention volume data alone, without
a knowledge of compound functionality,
do little more than indicate several
possibilities for the identity of an in-
dividual compound of given retention
volume. The results of this investiga-
tion have shown that the determination
of component functionality with classi-
fication reagents can lead to direct
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anure 3. 'Graph showmg identifica-

tion of individual compounds - corre-
sponding to peaks shown in Figure 2

qualitative identification of individual
components -of heterologous mixtures.

A chromatogram of a five-component
mixture iz shown in Figure 2. Fach
of the peaks, as it was eluted from the
column, was passed through the various
classification reagents and its function-
ality was determined by the resulting
change in one of the reagents. The in-
dividual compounds were then identified
by comparing the corrected retention
volume of the eluted peak with the
eorresponding corrected retention vol-
umes of the individual members of the
appropriate homologous series. This
may be accomplished most conveniently
by a graphical procedure (10). As
shown in Figure 3, a plot of the log of
the retention volume vs. éarbon number
is prepared for each homologous series

of which a member has been shown to
be present by means of the functional
group tests. Interpolation on this graph
then permitsidentification of the various
components #s individual compounds.
The alcohol was thus identified as
ethyl alcohol, the aldehyde as pentanal,
the ketone as 2-hexanone, the ester as
butyl acetate, and the mercaptan as
pentanethiol.

Frequently, in the analysis of un-
known mixtures, neither the types of
components nor the total number of
components is known, and the chro-
matogram resulting from stich a mixture
may show peaks which result from two
or more components having the satne
retention time. . Without the aid of
functional group classification reagents,
this situation can be resolved only with
difficulty, if at all. Ordinarily, several
chromatograms would have to be
obtained on different stationary phases.
The situation' can be resolved quite
readily, however, by means of the
funetional group classification reagents.
This may be illustrated by means of the
chromatogram shown in Figure 4.
The chromatogram appears to be that
of a mixture having five components.
Funectional group tesis showed, how-
ever, that the first peak, o, was due to
an alechol and a ketone; the second, -
b, a ketone and an ester; -the third,
¢, & Mercaptan; the fourth, 4, ap
aldehyde, an aleohol, and an aromatic
hydrocarbon; and the last, ¢, an alde-
hyde and an aromatic hydrocarbon,
Thus, ten components were present
rather than the five which were in-
dicated by the chromatogram. The
individual compounds were subse-’
quently identified from the appropriate
log retention volume 8. carbon number
plots as shown in Figure 5.
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& RSH 4 {ROH
« ' RCOR'
a S
2 RCHO
S ROH
i . eR |
ReHO i ﬂ i
AR
8 decb o

RETENTION VOLUME

Figure 4. Chromatograms of unre-
solved 10-component mixture’

6-foot squalane column, 1257 €.
Flow, 50 ml. per minute
Sample, 2.0 . '




~ Three situations arise in the use of log
retention volume wvs. earbon number
plots which require further clarifica~

tion. The first case arises when the
*COR'
(meathyl kefnnus)
Lo
P ,
i 2 3 4 5 & 7 .8 8
RGODR' T .
4 ) - RCOR" i
£ L S S .- {mettyi ketones}
5 b
& i
FTETTE T8 8 7 8 %
L3
Q
-

RETENTION VOLUME -

LOG

RCHO :

N

~Nfranm————
b

TTETTY e 5 e
CARBON NO.

Figure 5. Graph showing idenfifica-

tion of individual compounds corre-

sponding to peaks in Figure 4

a.” Ethyl qicohol, 2-propanone

b. Ethyl acetate, 2-butanone .

¢. Propanethiol

d. Butyl alcohol, pentanal, benzene
e.- Hexanal, toluene

same reagent is used to detect more than
one type of functional class. For
example, the LeRosen test iz used to
detect both aromatic and aliphatic
unsaturation. Little difficulty arises,
however, in identifying the individusal
components from retention volume

once the compound has been classified

as either sromatic or aliphatic unsat-
urated. This is ilustrated in Figure

6 where the log retention volume vs.
carbon mumber plots for both alkyl-
benzenes and olefins are shown. The
log retention volume for a given com-

pound will intersect ‘the plot corre--
. sponding to an infegral carbon number

only for the appropriate compound.
In this example, a compound having
the retention volume shown must be
toluene and could not be octene.

A second situstion arises from the
fact that the classification tests usually
fail to distinguish among isomers within
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Figure 6. Graph showmg 1denhﬁca-

tion of LeRosen positive peak as toluene

the functional group class.
however, log retention volume wvs.
carbon number plots are valid for any
given series of isomers within a fune-
tional c¢lass. Thus, one can obtain

suitable plots for groupings such as
normal alechols, iso-aleohols, or second-

ary alcohols; methyl ketones or ethyl
ketones; primary or secondary amines,
ete. The application of this prineiple
is illustrated in Figure 7. The log
retention volume vs. carbon number plot
is shown for both the normal alechols
and the isomeric alecohols. The graph
indicates that the alcohol having the
retention volume shown would have to
be isobutyl alcohol, and could not be
normal butyl aleohol nor normal propyl
alcohol.

Finally, when two classification re-
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Figure 7. Graph showing

identification of nitrochromic
acid positive peak as nsobufy!
alcohol

Fortuﬁdtely, :

5at’d-RCHO

Unsat'd-RCHO

Olefins

1.OG RETENTION VOLUME

CARBON No.

Figuré 8. Grdph showing identification
of LeRosen and Schiff’s positive peak as
pentenal

agents respond for a given peak, the
question arises whether the peak is
due to two components or a bifunctional
compound. For example, i positive
results are obtained from the reaction
of an eluent peak with both Schiff’s
and the LeRosen reagents, the pos-
sibility. of whether the peak is due to
an unsaturated aldehyde or a. com-
bination of an olefin ‘and a saturated
aldehyde must be considered. Figure
8 shows, however, from the plots for the
corresponding saturated aldehydes, un-
saturated - aldehydes, and olefins, that
the compound having the retention
volume shown would have to be pen-
tenal, the unsaturated five-carbon alde-
hyde, and eould not be a mixture of an
olefin and a saturated aldzhyde,
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